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The spawning date of the polychaete, Lumbrineris latreilli (Audouin et Milne-
Ed wards) was observed to be earlier at the warmer stations at Asamushi, northern 
Japan, but generally later in 1981 than usual because the water temperatures 
were lower than usual for the time of year in early June 1981. In the laboratory, 
simultaneous spawning occurred in the following conditions: a) 12 h light and 12 h 
dark cycle, room temperature; b) 12 h light and 12 h dark cycle, constant 20°0 
water temperature; c) continuous light, room temperature, but not in the 
following; d) continuous darkness, room temperature; e) reversed light cycle, room 
temperature; f) continuous light, constant 20°0 water temperature. It was 
suggested that the rise of water temperature to 16°0 triggers spawning. 
Abnormal light conditions also affected spawning, but water temperature seemed 
more important. 
The onset of spawning in some animals which have a definite spawning season . • 
or time has been shown to be affected by environmental conditions. Spawing of 
some polychaetes occurs corresponding to certain conditions of water temperature, 
light, lunar phase and salinity, etc. (see reviews, CLARK, 1965 ; CLARK and OLIVE, 
1973; ScHROEDER and HERMAKS, 1975; OLIVE and CLARK, 1978). Lunar periodicity 
of reproduction was fully analyzed in relation to moonlight and tidal rhythm for 
palolo worms (KoRRINGA, 1957), and synchronizations of gamete maturation and 
spawning were also reviewed (CLARK, 1979). 
At Asamushi, northern Japan, the polychaete, Lumhrineris latreilli (AunOUIN 
et MILJ'.TE-EDWARDS) spawns orange colored eggs protected in jelly mass in early 
June every year, when daily minimum water temperature rises to around 16°C, 
and spawning occurs only at night. The population in each area breeds 
simultaneously (NrsHIHIRA et al., 1980, 1981 ), but the exact date of spawning 
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differs from place to place. This suggests that some ambient environmental factors 
delicately affect the onset of spawning and that the lunar phase is not important. 
In the present study, an attempt was made to determine some environmental 
difference between the 4 stations, which shows good correlation with the difference 
in date of spawning, since the spawning at each station occurs on a different day. 
The influence of water temperature and light conditions was also investigated in 
the laboratory. 
STUDY AREA AND METHODS 
Daily observation of spawning was conducted at 4 stations (Fig. 1) set along 
the shore near the Marine Biological Station, Tohoku University (MBS, 40°55'N, 
140°50'E) from late May through late June in 1980 and 1981. St. 1 is a large 
shallow tide pool on the rocky fiat at Tsuchiya, where there are many brown 
algae, e.g. Sargassum thunbergii and S . hemiphyllum. St. 2 is a small harbor in 
which S. thunbergii, S. kjelmanianum and Zostera marina grow. St. 3 is an artificial 
pool in which many small brown and green algae can be found. The pool is 
connected with open sea through a small tunnel in the lower part of the pool wall. 
St. 4 is an open shore where there are many brown and green algae. 
\Vater temperature was measured at 13:00 every day at each station, and also 
at the time of night observation. 
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Fig, l. Map showing the location of the 4 stations. 
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laboratory experiments were run using mature worms collected at the pebbly 
shore near MBS on May 21, 1981. Pairs of male and female worms were kept in 
separate small containers (11 X 8 X 6 em), containing substrate from the collection 
site and a piece of S. thunbergii. These containers were kept together in large 
tanks of aerated sea water under the following conditions, and inspected at 8 :30 
and 20 :30 every day. 
1) LD (Light/Dark): 12 h light and 12 h dark cycle, room temperature, 6 pairs. 
2) LDH (Light/Dark, Hot): 12 h light and 12 h dark cycle, continuous 20°C 
water temperature, 6 pairs. 
3) LDC (Light/Dark, Cool): Natural light cycle, continuous l0°C water 
temperature, 4 pairs. 
4) LL (Light/Light): Continuous light, room temperature, 5 pairs. 
5) DD (Dark/Dark): Continuous dark, room temperature, 7 pairs. 
6) LLH (Light/Light, Hot): Continuous light, continuous 20°C water tem-
perature, 6 pairs. 
7) DL (Dark/Light): 12 h dark and 12 h light cycle, room temperature, 6 pairs. 
8) LDR (Light/Dark, Running water): Natural light cycle, running natural 
sea water system, 4 pairs. 
Additional experiments were set on June 9. 
9) LD' (Light/Dark): 12 h light and 12 h dark cycle, room temperature, 6 pairs. 
10) DL' (Dark/Light): 12 h dark and 12 h light cycle, room temperature, 6 pairs. 
Experiments 1), 2), 3), 5) and 8) were conducted in a comparatively shady room, 
and those 4), 6), 7}, 9) and 10) were in a comparatively light room. Light 
conditions were reversed at 8 :30 and 20:30. A fluorescent lamp (2000 lux) was used 
for illumination and a cover was put on the large tank for creating a dark condi-
tions. 
RESULTS 
Spawning in the field 
Results of the field observations are depicted in Fig. 2. 
Obse1·vations in 1980. At St. 1, many males and females were seen to crawl and 
spawn on the algae at 23 :00 on June 7 (water temperature, 17.8°C), and a small 
number of worms spawned the next night (17.6°0). At St. 2, many males and 
females climbed up algae and spawned after midnight on June 8 (17.4°C), but only 
a few the next night. The spawning occurred at different places on different days, 
viz: inner part of the harbor one night and around the entrance of the harbor the 
next night. The population in the pool (St. 3) spawned on June 9 and 10. The 
worms at St. 4 spawned the latest (June 10 and 11) among the 4 stations. \Vater 
temperature measured at 13:00 (Fig. 3) was highest at St. 1, which was in a large 
shallow tide pool, easily heated up by sunshine at low tides. On cloudy or rainy 
days, water temperature of St. 1 dropped to near that of the other stations. It 
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Fig. 2. Spawning dates of Lumbrineris latreilli at each station in 1980 (closed circles) and 
1981 (open circles). Lower graph shows daily water temperature at 13:00, (approxi-
mate daily maximum) at St. 4. 
was noted that the recorded water temperatures were highest at St. 1, decreased 
along the coast and were lowest at St. 4. 
Observations in 1981. In 1981, the date of spawning was observed to differ between 
stations. On the whole, the spawning dates were later in 1981 than in 1980, and 
occurred during middle to late June. At St. 1, the population in the tide pool 
spawned on June 10 and the population in the sublittoral fringe on June 12. At 
St. 2, egg masses were seen attached to Zostem blades and small brown algae in the 
shallow sublittoral area in the morning of June 14, when the water temperature was 
15.0°0. On June 14, spawning began on the thalli of S. thunbergii growing on 
the lower intertidal and upper sublittoral fringe at 21:00 (15.0°0). Water 
temperature was slightly lower than the 16°0 believed to be suitable for spawning 
of Lumbrineris (NISHIHIRA et al., 1980). At St. 3, the worms crawled on algae 
at 23:00 on June 16 and spawned at midnight (high tide was at 2:00 on June 17). 
At St. 4, spawning occurred far later than at the other stations, because water 
temperature dropped suddenly on June 17. Water temperature at 13:00 remain-
ed at 13.5-14.6°0 until June 23 except on June 21 (16.1°0). Midnight water 
temperature was still lower. It rose again from the afternoon of June 24 and 
exceeded 16°0 even at midnight. Several egg masses were observed on small algae 
in the morning of June 26. Many males and females crawled on the algae and 
spawned at 22:00-24:00 of the same day (17 .3°0, high tide at 22: 10). This was 
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Fig. 3. Daily change in water temperature at each station in 1980. 
measured at 13:00 (approximate daily maximum) 
Temperature was 
the latest recorded spawning at Asamushi. The fertilization rate was almost 100%. 
The temperature measured at 13:00 was not different from that in 1980. In the 
period of low water temperature conditions, many large worms lacking gametes 
were collected at St. 4. We do not know the cause of this but it may be related 
to the unusual temperature conditions of this year. These worms may have been 
males, because had they been females egg masses would have been observed. 
Labomtory experiments 
The results described above and the fact that spawning occurs only at night in 
the field (NISHIHIRA et al., 1980, 1981) suggest that water temperature and light 
conditions are important factors determining the spawning time and date. In 
order to study this, laboratory experiments were conducted. In 1980, preliminary 
experiments were run under LDH and LDO conditions using worms collected on 
June 3. Under the LDH conditions, the worms began to spawn at night of the same 
day. The worms under LDO conditions did not spawn for 9 days, but spawned at 
night immediately after transference to warm condition (20°0). In 1981, more 
detailed experiments were conducted. The results are depicted in Fig. 4. 
Under LD conditions, the worms first spawned on June 9 (Fig. 4a), 20 days 
after the start of the experiment. Water temperature in the tank was affected by 
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Fig. 4. Spawning of liumbrinerislatreilli under different environmental conditions. a: LD; 
12 h light and 12 h dark cycle and room temperature conditions. Six pairs of male 
and female were cultured separately in 6 plastic containers in a tank. b: LDH; 12 h 
light and 12 h dark cycle and high temperatlll'e conditions, 6 pairs. c: LDC; natUl'al 
light and low water temperature conditions, 4 pairs. d: LL; continuous light and room 
temperature conditions, 5 pairs. Each large circle means one egg mass spawned. e; 
spawned under dark condition at night. f); spawned under dark condition at day-
time. (}; spawned under light condition at night. CD; spawned under light condi-
t ion at daytime. 0-----{); water temperatUl'e. An arrow shows a crawling worm 
observed out of the container. Broken line shows the suitable temperature level for 
spawning speculated by NISHIHIRA et al. (1980), i.e. 16°C. 




F ig. 4 (continued). Ditto. e: DD; continuous dark and room temperature conditions, 7 
pairs. f : LLH; continuous light and high water temperature conditions, 6 pairs. g: 
DL; reversed light cycle and room temperatlll'e conditions, 6 pairs. h : LDR; flow 
system under natural light and water temperature conditions, 4 pairs. 
room temperature and quite changeable in late May, but rose gradually from June 
1 and reached 16°0 in the evening of June 9, when spawning occurred. Four egg 
masses were observed on the morning of June 10. The developmental stages 
examined at 21 :00 showed that three egg masses had 100% fertilization rate and 
were in morula stage, but one egg mass showed a low rate of fertilization (29.4%) 
and development was not synchronized, various stages from 2-cell to morula being 
visible. There may be some gap of spawning time between the abnormal egg 
mass and t he three normal ones. Many sperm were observed in the jelly of all egg 
masses. Another egg mass was seen the next morning and its fertilization rate was 
100%. One female did not spawn during the experimental period. A worm 
crawled in t he tank at night on June 6, two individuals at night on June 10, and 
one the next morning. These worms crawled out of the container, in which the 
·' 
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Fig. 4 (continued). Ditto. Supplementary experiments. 
i: LD'; 12 h light and 12 h dark cycle and room 
temperature conditions, 6 pairs. j: DL'; reversed 
light cycle and room temperature conditions, 6 pairs. 
Experiments were run in a comparatively sunny 
room where temperature was slightly higher than 
that in the field. 
worms were originally kept, and climbed the wall of the tank. After the experi-
ment, all worms lived and one complete female with many eggs was seen. The 
reason why this female did not spawn was unknown. 
At a temperature of 20°0 under 12 h light and 12 h dark cycle conditions (LDH, 
Fig. 4b), the worms spawned much earlier than those cultured under LD condition. 
In LDH, water temperature was increased suddenly and reached 20°0 within two 
days of the start of the experiment and reached 22°0 in 4 days. At night on 
May 28, five females spawned simultaneously. All egg masses were fertilized 
(fertilization rate: 95.2% (84.5-99.1%), average "(range)). The tank was kept at 
20°0 till June 11, when the thermostat broke down. Thereafter culture was 
continued at room temperature condition, but one female did not spawn. It is 
likely that this female died in the course of the experiment. It is obvious that 
spawning was initiated earlier by high temperature treatment. 
Under LDO condition, spawning was strongly inhibited (Fig. 4c). No worms 
had spawned till June 26 when the field population near MBS completed spawning. 
The containers were then transferred to warm conditions (18-19°0) on June 27. 
Three females spawned at night on June 29. The fertilization rate was high (98.5% 
(98.1- 99.1 %) ). One female did not spawn. Crawling worms were not observed 
under cool conditions. 
Under the continuous light (LL; unfortunately t he light conditions were not 
constant, varying between about 2,000 lux at night or in the daytime on a cloudy 
day, and about 5,000 lux in the daytime on a clear sunny day, Fig. 4d), the worms 
did not spawn during June 3- 11. Water temperature rose above 16°0 from the 
2nd to the 4th days of the experiment, then decreased gradually below 16°0, but 
exceeded 16°0 again on June 3 and remained relatively constant around 16°0 dur-
ing June 6- 9. Spawning may have been inhibited by the light . 
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In contrast , the spawning of the worms under the continuous dark (DD, Fig. 
4e) started when water temperature reached 16°0. The worms were frequently 
seen crawling well before actual spawning. Spawning did not occur simultaneously. 
Seven egg masses were spawned separately in two periods, June 10-12 and 18- 20. 
In both periods, water temperature was about 16°0. It is not known why the 
spawning occurred separately in two periods at similar t emperatures. The fertiliza-
tion rate was 0% in the first period except for that of the egg mass spawned 
on June 12 (1.1 %). The fertilization rate for the second period was high (99.7% 
(99.1- 100%)). All egg masses except one spawned on June 20 were spawned at 
night. 
With continuous light · and high temperature (20°0) (LLH, Fig. 4f), three egg 
masses were recognized in the morning of May 28 and the fertilization rate was 
high (96.8%(91.3- 100% ) ). This spawning occurred the same day as in LDH 
conditions. It suggests that high temperature accelerated the spawning even 
though the worms were kept under continuous light. At night of the same day, 
two females spawned but the fertilization rate was 0 and 55.3%. They may not 
have spawned at the same time. Many abnormal eggs were observed. Another 
female spawned on June 11 but the eggs were not fertilized. Spawning occurred 
only at night. 
The worms cultured under the reversed light cycle (DL) showed a different 
spav.rning behavior. Temperature conditions were the same as LL conditions. 
One female spawned before the temperature rose above 16°0 and the eggs were not 
fertilized. Three egg masses were seen on the evening of June 3 when water tem-
perature was 16.8°0 and one more on both June 5 and 8. The fertilization rate of 
these eggs was high (93.2% (82.7- 100% ) ). All egg masses were spawned in the 
natural dyatime when the tank was under dark conditions. 
Four plastic containers were kept in the large tank from which natural sea 
water overflowed (LDR, Fig. 4h). Water temperature in the tank was lower than 
that in the other experimental tanks except LDO. From late May to early June, 
it remained between 11 and 13°0. Then it increased gradually and reached 16°0 
but decreased again. Spawning occurred simultaneously at night on June 17. 
The fertilization rate was high (99.6% (98.3- 100%) ). 
Supplementary experiments were conducted using the worms collected in 
June 9 at the pebbly shore near MBS, in order to examine the spawning potency of 
the worms living in the area where the spawning was very late. ·worms were kept 
under DL' and LD' conditions. Water temperature in the tanl{s was above 16°C 
and increased gradually. In the LD' tank, an unfertilized egg mass was observed 
on the morning of June 12 and 5 fertilized egg masses with a high fertilization 
rate of 99.8% (99.4 100%) were seen the next morning (Fig. 4i). In the DL' tank, 
two egg masses were recognized on the morning of June 12 and three the next 
morning (Fig. 4j). These egg masses had a fertilization rate of 99.4% (96.3-100% ). 
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Five worms spawned in the darkness, but one in the light period. At 20:30 on 
June 12, when light conditions were reversed, one female was seen climbing 
the algae. The worm did not retreat but spawned soon after. The fertilization 
rate was 100%. Obviously eggs must have been fertilized with suspended sperm 
released during the preceding dark period. 
DISCUSSION 
Influence of water temperature and light conditions on spawntng 
The observed variation of spawning date from place to place seems to be 
caused by the difference in water temperature between the stations. Therefore, the 
observed sequence of spawning dates may be attributed to the differences in water 
temperature. 
Water temperature of shallow tide pools (St. 1) quickly rises on clear days 
but that of open shore (St. 4) is comparatively constant. At the inner part of the 
harbor (St. 2), water stagnates but near the harbor entrance it exchanges with the 
open water. The water in the pool (St. 3) surrounded with a high wall is less 
affected by sunshine and also exchanges tidally through the tunnel. These topo-
graphical conditions may affect the water temperature conditions at each station. 
Laboratory experiments also showed that water temperature is an important 
environmental factor for onset of spawning. Spawning was initiated earlier in 
warm water and inhibited by the cool. It is still unknown whether or not worms 
spawn under continuous cool conditions. 
Light also inhibited the onset of spawning, but water temperature must be more 
important because spawning occurred in the LLH tank. SARVALA (1971) reported 
the reverse trend in the polynoid Harmotoe sarsi. Under stronger illumination, 
spawning might have been inhibited more. Further laboratory experiments are 
needed, controlling the light intensity and measuring natural light conditions. 
The fact that spawning occurred in the daytime in the LL tank suggests that 
the worms could not perceive the natural daily cycle, implying that they do not have 
an internal clock. If they have an internal clock regulating spawning at night, it 
must have become gradually out of order under the long LL period. It is generally 
accepted that the phase of circadian rhythm changes when animals living under 
natural light conditions are transferred to LL or DD conditions (SAUNDERS, 1977). 
The clock may still have been normal 7 days after setting up the LLH tank, but 
out of order after 3 weeks. On the other hand, spawning occurred in the daytime 
in the DL tank. The worms must have perceived the light conditions which were 
artificially controlled. Spawning occurs essentially in the dark. 
Comparing the spawning dates in LDH and LD' in which water temperature 
exceeded 16°C, spawning in the former occurred on 7th day after the setting of the 
tank but in the latter on the 4th day. The worms collected in late May might not 
have been ready for spawning and probably this might be also the case for the 
FACTORS AFFECTING SPAWNING OF LUMBRINERIS 97 
worms collected on June 9. But the degree of preparation for ·spawning may have 
differed between the two samples. The worms collected from the shore before 
spawning in the field had eggs large enough for spawning. There may be some 
internal factors affecting gametogenesis and onset of spawning. Some worms 
released eggs in the midst of collecting work, probably because temperature in the 
sample container increased abnormally. 
Triggers for spawning 
Several workers reported that a change in water temperature has an important 
influence in the onset of spawning. HowiE (1959) reported that the first sharp fall 
in air temperature in autumn stimulated spawning of the lugworm A1·enicola marina, 
and also observed the spring breeding population and suggested that only a distinct 
change of temperature was required to initiate spawning. DoRSET (1961) also 
reported that a rise in temperature is important to promote breeding in the 
spionid Polydora ciliata, and RASMUSSEN (1956) reported that the spawning of 8 
species of polychaetes in the shallow Danish Isefjord was related to specific tem-
perature conditions. YosHIDA (1976) reported, on the other hand, that the 
maturity of the nereid Perinereis nuntia var. vallata was controlled by the total 
effective temperature calculated since hatching time (in this case, 5,500± l00°C) 
and the worms swarmed after maturity at about 23°C. 
In the case of 1./umbrineris, water temperature is an important factor to 
determine the spawning season. Onset of spawning was initiated earlier by warm 
water and inhibited by cool. Considering the results of the laboratory experiments 
and field observations, it is suggested that ambient water temperature of about 
16°C is an external trigger for onset of spawning. It was not determined whether 
there is an internal trigger such as spawning hormone as known for N ephtys 
hombergii clarified by OLIVE (1976) and OLIVE and BENTLEY (1980). 
The worms cultured in the laboratory spawned simultaneously. HowiE 
(1959) also found that the lugworms maintained in the laboratory at a constant 
water temperature spawned simultaneously with those in the field. The 
mechanisms of simultaneity must be investigated in future. 
We are indebted to Professor K. Osanai, the director of the MBS for his advice. 
Thanks are also due to staff members of the same station for their help. 
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